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First DPF Meeting - Boulder

Program for the Discussion Session On
Quark Models

Discussion Leader:
P. Freund

Date and time: 2:15-5:15 p.m., August 19, 1969
Place: West Ballroom
P. G. Q. Freund - Hadron Dynamics and Quarks
J. L. Rosner - Quarks and Crossing Symmetry
G. Zweig - A Model for the Hadrons
R. H. Capps - Baryonic Exchange Degeneracies
H. J. Lipkin - Algebraic Structure and Spin Couplings

In the Levin-Frankfurt Model
(No paper submitted)

S. Meshkov - Experimental Consequences of SU[E)W
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Quarkonium? One new quark or two!?
Properties of new quark?
Is strong interaction flavor-blind?



| he Empirical Approach

. Appelquist & Politzer: NRQM applies to QQ systems.

+ Cornell group: had shown the predictive power of the
NR potential-model approach using a “culturally
determined” potential,

. Eichten & Gottfried anticipated spectroscopy of bb:

M(T') — M(T) ~ 420 MeV

M) — M(4)] -

X

Q



T/ — T spacing same as V' — 1)

F288 M(T")y — M(T) | M(T") — M(T)

Two-level fit 650 + 30 MeV

Three-level fit | 610+ 40 MeV | 1000 £+ 120 MeV

M) — M(¥) | ~ 590 MeV

V(r) = Clogr ~ AE independent of



Scaling the Schrodinger Equation: V/(r) = Ar”

R | E _ \rY — 0
2/”-U . ; r 2/1r? u(r)
Substitute

, —2/(2+L’) )
- ()"
24| Al 241

and identify w(p) = u(r): ~ dimensionless form,

w"(p) + |& —sgn(A)p” E(g,jzl)- w(p) =10 .




Length scale [L] oc (p|A])~ /()

Coulomb:

Log: V(r)= Clogr
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Vleasuring the b-quark's charge

For v < 1, scaling laws imply

2 my M(,)?
~D | S + _ > 3 . _b y i
H(Th = £707) 2 e2 m. M(T,)?

DORIS results presented at 1978 ICHEP (Tokyo)

(T — £707) 1.26 +0.21 keV
F('T" — €+€_) 0.36 = 0.09 keV

r(wn = €+€_)

established e, = —%
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Fichten—Gottfried: QQ (mg > m.): > 3 narrow 3S;
levels, but T/ — T spacing is much larger than predicted.
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| ogarithmic potential: 3 or 4 narrow T(3S;) levels.



Counting Narrow Levels . ..

Remarkable general result

Number of narrow 3S; levels is

- 1/2
nm2-( Q)
me

- 0(mg) = 2m(lowest Qg state) — 2mg approaches a
finite 0o Independent of my.

Key ingredients:

- Semiclassical (WKB) approximation:

/ " dr [mo(8(mo) — V(M2 = (n — Iy



oW n X /mq Is realized
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Semiclassical Methods and Results

Evaluating the nonrelativistic connection

uw /dV
V,(0)]" = — ( —
Va(0) 27T<dr >n

in semiclassical approximation, connect the square of the
s-wave wave function at the origin to the level density:

i) s OE
v (0)]2 = ( g1/295n
| ( )l 47_1_2 n dn
(for a nonsingular potential).

-lementary application
Cor V(r) = Ar, |W,(0)|%: independent of n, ~ E, ~ n?/3.




Semiclassical Inverse Problem

For a monotonically increasing potential, the semiclassical
quantization condition

| dri2ulE - vl = (n - dym
0
connects the shape of the potential to the level density:

2 v dE. ]t
W = dE(V — E1/2 | ="
V)= 57 | dE(V-E2 |2

Gol'dman & Krivchenkov, Problems in QM



New results, or results forgotten for 40 years!?
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i Review Section of Physics Leliers

QUANTUM MECHANICS WITH
APPLICATIONS TO QUARKONIUM

C. UGG and JI. ROSNER

YVodume 56 “umrmler A

Ibevemibeer 1979




Dualities

Connect bound-state spectra of V(r) = Ar” (v > 0)
and V(r)=Xr"¥ —2< (v <0)

Paired Schrodinger equations

h? ' ((0+ 1)h*

ﬂu”(r)Jr _E— Ar” 2ir? i = 0
h? =T B

ﬂv (z) + |E — Az 2z Viliz i =l

(v +2)(7 + 2) = 4, E—A(f»/ ), A= —E(7/v)?
z=r*v2 (0 4+1/2)%2 = (£ + 1/2)%?

familiar case Coulomb < harmonic oscillator



Our Priority Di5pute with Isaac Newton
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Classical orbits in power-law potentials

Aaron K. Grant and Jonathan L. Rosner
Enrico Fermi Institute and Department of Physics, University of Chicago, Chicago, Illinois 60637

(Received 10 May 1993; accepted 11 November 1993)

The motion of bodies in power-law potentials of the form ¥F(r) =Ar" has been of interest ever
since the time of Newton and Hooke. Aspects of the relation between powers a and @, where
(a+2)(a+2) =4, are derived for classical motion and the relation to the quantum-mechanical
problem is given. An improvement on a previous expression for the WKB quantization condi-
tion for nonzero orbital angular momenta is obtained. Relations with previous treatments, such
as those of Newton, Bertrand, Bohlin, Fauré, and Arnold, are noted, and a brief survey of the
literature on the problem over more than three centuries is given.

Am. ]. Phys. 62, 310 (1994)



Designer Potentials  Hank Thacker

Construct a symmetric, one-dimensional potential
that supports N bound states at specified Ej,
out of reflectionless potentials

V(x) = —2k%sech?[k(x — Xg)]
(single bound state at E = —x?)

N-level reflectionless potential:
N-solitary-wave solution to

Vt I 6VV}( + Vx}{x — O

Korteweg-de Vries equation



de Vries solitons:

harmonic oscillator example

Reflectionless potentials as Korteweg




Flavor independence of strong interaction
among heavy quarks
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No Degenerate Levels in One-Dimensional QM
(simple Wronskian proof, if no pathologies)

As levels approach, two buckets retreat to £



Band Structure and Periodic Potentials




Band Structure and Periodic Potentials




Charmonium (PDG)
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BaBar 7¢(1S), xc0(1P), xc2(1P), 7c(2S) in vy
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B (6277)

CDF2 Preliminary 2.2fb™
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Bottomonium (PDG)

T{11020)

T (10860)




BaBar hy(1P): T(35) — 7°hy(1P) — 47,(1S)
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BELLE hs(1P) and hs(2P):
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New States Associated with Charmonium

- X(3872) — w7~ Jhp at D°D*? threshold;
very likely JF¢ = 1F+;
(cc) + s-wave threshold + “molecule” + ...7
Feshbach resonances? coupled-channels

- 2(3930) in vy — DD: v,
X(3940) in efe™ — JA)D*D

- Y(3940) in B — KwJi)

- X(3915) in vy — wJh) ~ Z(3930)7?

Y (4140) in J/wqb

Y 4260) I e 2 = ’}/|5RJ/77[)’}T T

- Z7(4430) — 71" not yet confirmed

2-~, 27 states (above DD, but narrow) still missing
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